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(54) Tide: HIGH CAPACITY. LOW HEAD LOSS. SU(rnON STRAINER FOR NUCLEAR REACTORS 
(57) Abstract 

A suction strainer (100) for straining water from 
the emergency suppression pool of a boiling water reactor 
includes a plurality of stacked, perforated disks (t02a-1020 
having an internal core (105) with a minimum internal radius 
r(x) (106) that decreases with increased distance from the 
intake (110) of the strainer, so that the core (105) has a 
tapered profile. Internal radius r(x) (106) may vary lineariy 
(186) or exponentially (166) or a combination of both. The 
stacked, perforated disks (102a- 1020 each include a first 
surface (I12a-I12f) that faces in the direction of the intake 
and a second surface (116a-116eX that faces away from the 
intake. A circumferential band <il4a>l]4f) may coiuiect the 
first and second surfaces together. 
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IIILEi HIGH CAPACITY. LOW HEAD 1 SUCTION STRAINER 

FOR NUCLEAR REACTORS 



This application claims the priority of the following two provisional patent applications: 
Invention entitled "HIGH CAPACITY LOW HEAD LOSS SUCTION STRAINER" filed April 
1, 1996, application no. 60/014,703; and, invention entitled "TAPERED DISH HIGH 
CAPACITY LOW HEAD LOSS SUCTION STRAINER*' filed May 10, 1996, application no. 
60/017,240. 

BACKCROIIN D OF THE INVKNTION 

1. Field of thg Invgntion 

The invention relates to a suction strainer for use on suction lines in nuclear reactors in 
which the internal radius of the central core decreases with increased distance fi^m the intake of 
the strainer. 

2. Description of Related Art 

Two common, prior art suction strainers are illustrated in Figs. 1 A and IB. Truncated 
cone strainer 10 includes a perforated surface 12, a center line 14 around x axis 18, and an 
internal radius r(x) 16 between center line 14 and perforated surface 12. 

The tnmcated cone strainer 1 0 of Fig. 1 A is a relatively inexpensive and simple structure. 
The performance of the truncated cone strainer 10, however, in terms of the amount of debris 
it can accimiulate and strain, and still maintain low head loss, is limited because its surface area 
is ^all in relation to the volume it occupies compared to other strainers. 

The stacked disk strainer 20 illustrated in Fig. IB improves upon the truncated cone 
strainer of Fig. 1 A by providing more surface area to accimiulate debris within the same overall 
strainer voliune envelope. The stacked disk strainer 20 includes a perforated siuface 22, a center 
line 24 about x axis 28 and an internal radius r(x) 26 between center line 24 and the innermosi 
surface 26. It is clear that the slacked disk strainer area of the prior art embodiment 20 of Fig. IB 
^can be made arbitrarily large by decreasing both the distance between the disks and the disk 
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thickness, thereby adding more disks within a given volume. Accordingly, a measure of strainer 
perfonmance can be obtained by dividing the strainer surface area by the strainer volume, 
especially when strainer volumes are comparable. 

Other strainer designs considered the approach velocity of the fluid in the vicinity of the 
5 strainer. Another prior art strainer 30, illustrated in Fig. 2A, demonstrates the fact that the 
approach velocity is typically greater near the suction pipe intake and drops off rapidly the 
further one gets from the intake. Strainer 30 includes a perforated, cylindrical outer surface 32, 
a conical bottom 34, a center line 38 about the x axis and an internal radius r(x) 36 between 
surface 32 and center line 38. Strainer flange 40 connects to pump suction intake flange 42. Note 

1 0 that the approach velocities 44 are highest closest to flanges 40, 42. 

An altemative, prior art strainer 50, illustrated in Fig. 2B, includes inserts which 
internally modify the nature of the strainer. Strainer 50 includes a perforated surface 52, a 
conical bottom 54, a center line 58 around the x axis and an internal radius r(x) 56 between the 
center line 58 and surface 52. Strainer flange 60 attaches to pump suction intake flange 62. A 

15 cylindrical insert 66 is located inside of strainer 50. Inserts 66 improve the unifomiity of the 
approach velocity U^64, but may introduce other drawbacks. 

A useful discussion of prior art strainer designs and performance characteristics can be 
found in an article entitled ''New Ideas for Cylindrical Pipe Intakes Can Help to Reduce Fish and 
Larvae Kills" by R. T. Richards, Bums & Roe, Inc., published in the June, 1980 edition of 

20 POWER MAGAZINE. That article discusses, among other things, the optimal design 
characteristics of prior art perforated strainers similar to those illustrated in Figs. 2A and 2B 
above. 

The patent literature also discloses efforts to improve strainers for emergency nuclear 
cooling pools. See, in particular, U.S. Patents 5,453,180 and 5,539,790, both entitied 
25 STRAINER DEVICE FOR FILTERING WATER TO AN EMERGENCY COOLING SYSTEM 
IN A NUCLEAR POWER PLANT and assigned to Vattenfall UtveckHng AB, Alvkarleby, 
Sweden. Fig. 2 of U.S. Patent 5,539,790, in particular, shows a prior art strainer similar to that 
illustrated as prior art in Fig. 2 A of this disclosure. 

The following patents describe the general state of the relevant art pertaining to stacked 
30 strainers: 4,421,646 (see, in particular. Figs. 2 - 5); 4,726,900; 4,783,262; 4,81 8,402 (Figs. 3 - 
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13); 4,842,739; 5,055,192; and, 5,520.805. None of the foregoing patents appear to relate to 
stacked disk strainers having a tapered central core and suitable for use with nuclear reactors. 

The following patent disclosures appear to be relevant to corrugated filters: 4,594, 1 62; 
5,413,712 and 5,376,278. While multiple disk-like surfaces are described, nevertheless, the 
structures appear to be substantially different from the present invention and does not address the 
advantages obtained by a tapered central core. 

U.S. Patent 4,738,778 describes a zig-zag filter element which is suitable for certain types 
of applications but not for nuclear reactor suction lines. 

Lastly, the following patents are cited as being relevant only to the issue of specific disk 
design as might be found, for example, in multiple disk filters: 4,549,963; 4,637,877, and, 
4,902,420. 

In summary, none of the prior art, taken individually or in combination, appears to 
describe a suction strainer suitable for use in nuclear reactors in which the core internal diameter 
tapers efficiently as the distance fi-om the suction intake increases. 

»5 SUMMARY OF THF INViriviTf 

Briefly described, the invention comprises a multiple disk strainer for use in nuclear 
reactor emergency suppression pools in which the inner disk radius decreases with distance ft^om 
the suction intake. The strainer is attached to a suction pump intake pipe and is optimally 
configured to have minimum head loss and accumulate a maximum amount of debris, within a 

20 given volume. Because the internal radius decreases with distance from the intake, a constant 
fluid flow velocity is maintained throughout the entire central core region. The constant core 
velocity minimizes head loss, and therefore pressure drop, where velocities are greatest and, 
hence, the internal fluid flow is most sensitive to irreversible head loss. Surrounding the central 
core are a plurality of perforated disks varying in internal diameter whose thickness may be 

25 constant or may vary with distance from the intake. The perforations, or holes, in each disk are 
sized to prevent debris from passing into the strainer, but large enough to allow fluid to pass 
through. The spacing between the disks is generally uniform but may vary depending upon the 
characteristics of the debris to be strained. Likewise, the outer diameter of the disks is typically 
constant, but can vary and still maintain a constant core velocity. 
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The preferred embodiment of the strainer invention comprises a plurahty of stacked disks 
in which the spacing between the disks is imifomi and in which the disk thickness increases with 
distance from the intake while the internal radius of the disk decreases with distance from the 
intake. The internal disk radius may decrease linearly or exponentially, or a combination of both, 
5 as it gets further from the suction intake. The exterior diameters of the disks are preferably 
uniformly the same, but according to another alternative embodiment, the external diameter of 
the disks may decrease with increasing distance from the intake. This structure would be most 
advantageous where it is desired to minimize the load on the suction flange. Another group of 
alternative embodiments comprehends the use of tapered disks rather than disks of generally 
1 0 uni form thickness. 

Because the velocity is substantially constant through the core, it therefore follows that 
there is no significant pressure drop along the central axis which, in turn, implies that the 
pressure drop on each disk is substantially the same. This, in turn, allows for substantially the 
same rate of debris buildup on each disk assembly thereby maximizing the strainer capacity. 
1 5 This feature is important because the strainers are used only for emergency purposes. Insofar as 
understood, the prior art, when reviewed, either individually or taken in combination, does not 
appear to disclose or suggest the invention as set forth herein. 

The invention may be more fully understood by reference to the following drawings. 
BRIEF DKSrRTPTI ON OF THK DRAWINGS 
20 Fig. 1 A illustrates a prior art truncated cone strainer. 

Fig. IB illustrates a prior art, stacked disk strainer, as currently manufactured, including 
an inner core having a uniform, constant, internal radius. 

Fig. 2A illustrates a prior art cylindrical strainer and the manner in which the approach 
velocity varies along the length of the strainer. 
25 Fig. 2B illustrates another prior art cylindrical strainer, including an insert, which causes 

the approach velocity U, to be more unifomi along the length of the strainer. 

Fig, 3A is a perspective, partial, cross-sectional view of a strainer according to the 
preferred embodiment of the invention in which the internal radius r(x) decreases with distance 
from the suction intake and also wherein the thickness of the disks increases with distance from 
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the suction intake while the disk separation remains the same throughout the length of the 
strainer. 

Fig. 3B illustrates a low aspect ratio embodiment of the preferred strainer illustrated in 
Fig. 3A. 

Fig. 3C illustrates a high aspect ratio embodiment of the preferred strainer illustrated in 
Fig. 3A. 

Fig. 4A is an elevated, partial cross-sectional view of the preferred embodiment of the 
invention shown in Fig. 3A illustrating the parameters employed to describe the invention. 
Because the preferred embodiment illustrated in Fig. 3A is axis symmetric, only one-half of the 
cross-section is illustrated. 

Fig. 4B illustrates the fluid velocities U. U., and associated with the cross-sectional 
view shown in Fig. 4A. 

Fig. 5 is an elevated, partial cross-sectional view of an embodiment in which the internal 
disk radius r(x) decreases exponentially with increased distance from the suction intake. 

Fig. 6 is an elevated, partial cross-sectional view of an embodiment in which the internal 
disk radius r(x) decreases linearly with increased distance from the suction intake. 

Fig. 7 is a graph of normalized internal radii r(x) as a fimction of the normalized distance 
X for the preferred embodiment illustrated in Fig. 3A showing curves for several different choices 
of base and outer radii. 

Fig. 8 is a graph of normalized internal radii r(x) as a function of the normalized distance 
X for an exponentially varying internal radius r(x) such as seen in Fig. 5, and wherein several 
curves are shown based upon different base and outer radii. 

Fig. 9 is a graph of normalized internal radii r(x) as a function of the normalized distance 
X from the suction intake for a linearly varying internal radius r(x) embodiment such as illustrated 
in Fig. 6, and wherein different curves illustrate different choices of base and outer radii. 

Fig. lOA is a scale drawing of the preferred embodiment illustrated in Fig. 3A for a 
particular application. 

Fig. 1 OB is a table giving the dimensions for the particular embodiment illustrated in Fig. 

lOA. 
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Fig. 1 1 is a scale cross-sectional illustration of an embodiment where the internal radius 
r(x) varies exponentially as shown, for example, in the embodiment of Fig. 5 and as sized for a 
particular application. 

Fig. 12 is a scale cross-sectional illustration of an embodiment where the internal radius 
r(x) varies linearly such as shown in the embodiment of Fig. 6, and wherein the strainer is sized 
for a specific application. 

Fig. 13 is a partial, cross-sectional illustration of an alternative embodiment of the 
invention in which the outer radius of the disks decrease with distance from the suction intake 
in order to minimize the hydro-dynamic moment on the suction flange. 

Fig. 14 illustrates an alternative embodiment of the invention in which the multiple 
stacked disks are tapered instead of being of uniform thickness. 

Fig. 15A illustrates the nomenclature used to describe parameters with respect to the 
tapered disk embodiment of Fig. 14. 

Fig. 15B illustrates the fluid velocities U, U,, U^, and associated with the tapered disk 
strainer illustrated in Figs. 14 and 15 A. 

Fig. 16 is an elevated, partial cross-sectional view of the tapered disk embodiment in 
which the internal radius r(x) decreases exponentially with distance from the suction intake. 

Fig. 17 is an elevated, partial cross-sectional view of the tapered disk embodiment in 
which the internal disk radius r(x) decreases linearly with distance from the suction intake. 

Fig. 18 is a partial cross-sectional view of the tapered disk embodiment in which the 
internal disk angle a is constant. 

Fig. 19 is a graph illustrating normalized internal radii r(x) as a function of the 
normalized distance x for the tapered disk embodiment with t(x) </ and also showing other 
curves for different base and outer radii. 

Fig. 20 is a graph illustrating normalized internal radii r(x) as a function of the 
normalized distance x for an exponentially varying internal radii for the tapered disk embodiment 
in which the disks have a constant thickness and wherein several curves are shown based upon 
different base and outer radii. 

Fig. 21 is a graph of a normalized internal radii r(x) as a function of the normahzed 
distance x from the suction intake as it decreases linearly with increased distance from the 
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suction intake but keeping the disk thickness relatively constant and also showing other curves 
for difFerent base and outer radii. 

Fig. 22 is a graph of a normalized internal radii r(x) as a function of the normalized 
distance x from the suction intake for a constant disk angle a and constant U„. 

Fig. 23 is a graph of normalized internal radii r(x) as a function of the normalized 
distance x from the suction intake for a constant disk angle a and a constant U. 

Fig. 24A is a scale drawing of the tapered disk embodiment such as illustrated in Fig. 14 
as sized for a particular application. 

Fig. 24B is a tabic of dimensions for the particular embodiment illustrated in Fig. 24A. 
Fig. 25 is a scale drawing of the tapered embodiment, such as illustrated in Fig. 14, with 
the transition to a linear variation of internal radius r{x) occurring closer to the suction flange or 
intake. 

Fig. 26 illustrates a tapered disk embodiment in which the internal radius r(x) decreases 
Imearly with distance from the suction intake and wherein the disk thickness remains 
1 5 substantially constant. 

Fig 27 illustrates the tapered disk embodiment in which the internal radius r(x) decreases 
exponentially with distance from the suction intake and wherein the disk thickness remains 
substantially constant. 

Fig. 28 illustrates the tapered disk embodiment in which the disk angle a and Uj remain 
20 substantially constant. 

Fig. 29 illustrates the parameters and nomenclature used to calculate the pressure drop 
and debris bed buildup. 

Fig. 30 illustrates an embodiment of the invention in which support plates are placed 
between the stacked disks and wherein the plates are prefwably equally spaced. 
25 DETAILED DESCRIPTI ON OF THF INVKNTION 

During the course of this disclosure like numbers will be used to identify like elements 
according to the different figures which illustrate the invention. 

The preferred embodiment 100 of the suction strainer is illustrated in Fig. 3 A. Preferred 
embodiment 100 comprises a plurality of stacked, perforated disks 102a - 102f with varying 
30 internal radii r(x) and thickness t(x) as shown in Fig. 4A. Each strainer 1 00 includes a plurality 
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of Stacked disks 102a - 102f. Each disk 102a - 102f has an associated first forward facing face 
1 12a - 1 12f, a second rearward facing face 11 6a - 1 16f and an outwardly facing circumferential 
surface 1 14a - 1 Mf Each disk 102a - 102f includes an inwardly facing surface 11 8a - 11 8e thai 
separates it from its neighboring disk. Inwardly facing surfaces 1 1 8a - 1 1 8e define a tapered core 
5 having a radius r(x) 105 around a central axis 104. 

The preferred embodiment 100 has a central core 105 which is synunetrical about center 
line 104, also referred to as the x axis, because the preferred embodiment 100 is best defined in 
cylindrical units. Central core 105 is attached by a flange 1 10 to a conventional suction pump 
intake at one end and is terminated at the distal end by plate 108. According to the preferred 

10 embodiment of the invention, the internal radius r(x) decreases with distance from the suction 
intake, i.e., strainer flange 1 10, whereas the thickness of t(x) of each disk 102a - 102f increases 
wiih distance from the suction intake thereby maximizing the amount of debris that can be 
accumulated while minimizing strainer head loss within a given overall size or volume envelope. 
The preferred embodiment 100 of the invention can be built with a low aspect ratio as 

15 shown by embodiment 120 of Fig. 3B or a high aspect ratio as indicated by embodiment 140 
illustrated in Fig. 3C. Low aspect ratio embodiment 120 inchides three disks 122a - 122c. The 
low aspect ratio embodiment 120 also includes a varying internal radius r(x) 126 as measured 
about center line 124. The internal central core 125 is widest near the suction intake flange 130 
and terminates at a distal plate 128. The low aspect ratio embodiment 120 includes fewer strainer 

20 disks 122a - 122c, but an individual disk may have a relatively large external diameter. 

In contrast the high aspect ratio embodiment 140 includes a larger number of strainer 
disks 142a - 142f, but each individual disk might have a smaller external diameter than the 
strainer disks 122a - 122c of the low aspect embodiment 120 illustrated in Fig. 3B. The low 
aspect embodiment 120 is, therefore, relatively low and squat as compared to the high aspect 

25 ratio embodiment 140 which is relatively long and thin. It therefore follows that the central core 
1 45 of the high aspect embodiment 140 has an internal radius r(x) 146 that varies more gradually 
about x axis 144 from the intake suction flange 150 towards the distal end plate 148. 

Except for strainer flange 110, the preferred embodiment 100 of the invention is 
preferably formed from perforated stainless steel plate with 1/8" round holes on 3/1 6th" 

30 staggered centers. The perforated plate material is employed on the forward facing surfaces 
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112a-112f, on the rearward facing surfaces 116a - 116f and on the outward circumferential 
surfaces 1 14a - 1 14f. 

The nomenclature and parameters used to describe the geometry of the suction strainers 
and the related flow fields are illustrated in Figs. 4A and 4B. The parameters illustrated in Fig. 
4A are identified as follows: 



R = the outer radius 

r(0) = the strainer base radius 

r(L) = the suction flange radius 

t(L) = the minimum disk thickness 

L = the length of the strainer 

I = the constant disk spacing 



An important feature for the strainers fabricated according to the preferred embodiment 
100 of the invention is to minimize head loss and to collect debris where velocities U are low, 
since the pressure drop across the debris bed is known to scale with the velocity or the velocity 
squared through the bed. Hence, the velocities have the following characteristics: 

Uc>U,>U 

The highest velocities are found in the central region 105 of the core and are identified 
as velocity 11^. Velocities across the strainer surfaces 1 12a - 1 12e, 1 14a - 1 14e, 1 16a - 1 16d and 
1 18a - 1 18d which determine the debris growth rate are designated as U. The velocity of the 
fluid leaving the stacked disks 102a - 102e and entering the central core 105 of the strainer is 
denoted by U^. A major pvupose of the present invention is to minimize the acceleration of the . 
fluid intemal to the strainer 100 in regions where velocities are large. Accordingly, the families 
of internal geometries described by the function r(x) are limited to keep the velocities constant 
or nearly constant. A consequence of this novel approach is that the pressure drop along the 
central axis 104 is zero or nearly zero. Also, by controlling the thickness t(x) of the disks 102a 
- 102e, it is possible to control the velocity of the fluid leaving the disk such that the mixing 
and acceleration loss as the fluid moves into the central core 105 of the strainer 100 is nominal. 
The ratio of U/U^ can be independently controlled for each disk. 

The radius of the central core region r(x) 106 varies linearly, or exponentially, or both, 
in the x direction 104 such that the radius r(x) 106 is a minimum at its greatest distance fi-om the 
suction source and suction flange 110. This relationship helps to maintain a constant core 
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10 



velocity U, in the x direction 104, a specified velocity entering the core 105 from each disk U,. 
and a constant velocity entering each disk U. A consequence of this novel structure is that while 
the velocity in the core region U, remains constant, the volumetric, or mass, flow rate increases 
as X increases toward the suction flange 110. The preferred embodiment 100 is illustrated in Fig. 
3 A, but It will be understood that the invention is not necessarily limited to the external shape 
or proportions illusn-ations in Fig. 3A. It could have, for example, a higher or lower aspect ratio 
as illustrated in Figs. 3B and 3C. 

The thickness t(x) of each disk 102a - 102f varies correspondingly with the internal 
radius r(x) 106 such that the ratio of the disk surfece area to the internal transverse disk area (i.e., 
2 71 r(x) t(x)) at the interface to the core region 105 remains constant and equal for all disks. The 
head loss associated with the fluid leaving each disk 102a - 102f, respectively, and entering the 
core flow is essentially independent of the location of each individual strainer disk. The fluid 
entering the core 105 for each disk 102a - 1 02 f turns through approximately the same angle. 
Keeping the same turning geometry for each disk 1 02a - 102f minimizes the mixing and turning 
15 losses associated with the strainer 100 as a whole. This characteristic, combined with the 
constant core velocity U^, minimizes the strainer head loss without debris and helps establish the 
desired distribution of debris loading in order to minimize head loss at all debris loadings. 

The velocity U through the disk surfaces is nearly constant. The strainer 100, however, 
develops a nonuniform approach velocity U, because the area of the disks 102a - 102f changes 
20 as a function of x. The approach velocity U, is shown in Fig. 4B. This nonuniform approach 
velocity U, allows the invention to optimally distribute fiber in order to develop minimum head 
loss. The invention utilizes the volume between disks 102a - 102f to accumulate debris at the 
same rate without developing recessive head loss. For example, if the spacing between disks 
1 02a and 1 02b is 20% full, then the spacing between the other disks is likewise 20% fiill. 
25 An alternative embodiment of the invention 160 is illustrated in Fig. 5. In embodiment 

1 60 the disk thickness t(x) is constant and indqjendent of x 160 such that the thickness of disks 
1 62a - 1 62e is equal and t(a) = t(b) = t(c) = t(d) = t(e). In this embodiment 1 60, the velocity U, 
varies with x while still maintaining a constant core velocity U, around center line 164. The 
radius r(x) 166 between center line 164 and inner surfaces 170a - 170d varies exponentially with 
30 x. Similarly, the internal radius r(x) 166 decreases the further the radius r(x) is from the pump 
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intake suction flange and the closer it comes to the end plate 168. The foregoing produces a 
nonuniform approach velocity lJJ,x) 172 that increases with distance from the intake suction 
flange. While the external radius of embodiment 160 is shown as being constant, it will be 
understood that the external shape or proportions are not necessarily identical to those illustrated 
in Fig. 5. Embodiment 160 may be more appropriate for applications where the internal head 
loss is not critical. 

Another alternative embodiment 180 is illustrated in Fig. 6. According to this 
embodiment, the internal radius r(x) 186 between center line 184 and internal surfaces 190a - 
190d of disks 182a • 182e varies linearly as distance increases from the pump suction intake 
flange and as it approaches the end plate 188. Likewise, the thickness of each of the disks 1 82a 
- 1 82e is constant so that t(a)=t(b)=t(c)=t(d)=t(e). Embodiment 1 80 approaches, but does not 
achieve, minimum internal head loss because of the approximation made to the internal radial 
profile. Note the nonuniform approach velocity U^(x) 192 that decreases with distance from the 
pump intake suction flange as the internal radius r(x) 186 approaches end plate 188. 
Embodiment 180 may be simpler to manufacture and still preserve the desired nonuniform 
approach velocity U.. The external radius need not be constant and the invention 1 80 is not 
limited to the external shape or proportions illustrated in Fig. 6. 

The embodiments described above can also be expressed by mathematical relations. 
Several of these relationships are illustrated below for different cases. 

According to the preferred embodiment of the invention 100, the relationship between 
the inner radius of the disks r(x) and the distance along the strainer axis 1 04 is determined as 




follows: 



where 



R 

r(0) = 



the outer radius 

the strainer base radius 
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r(L) = the suction flange radius 
t(L) = the minimum disk thickness 
L = the length of the strainer 
1 = the constant disk spacing 

and the thickness t(x) of the disks 102a - 102f is determined by: 

( R'-rUxAr(L) 



too 

t(L) 



For economy of fabrication, however, it might be desirable to fix the disk thickness t(x) 
at a constant t(c) and yet maintain a constant strainer core velocity U^. Under those conditions 
1 0 the internal radius of the disks r(x) is given by: 

R'-rUO) \R'-r'(0)) 
The number of disks N in such an embodiment is given by: 

and while the velocity through the strainer surface, U, is constant and not a function of 
X, the velocity of the flow leaving the disks, U^, is a function of the distance along the strainer 
1 5 and varies according to the following relationship: 

U tr(x) 
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An alternative embodiment, which still maintains a core velocity. U„ and a constant disk- 
velocity, Ua, but permits the velocity through the strainer surface, U, to vary along the strainer 



axis 



is obtained by specifying the disk inner radius r(x) according to the following relationship: 

r(x)-r(0) X 
r(L)-r(0) L 



The disk thickness, t(x). is constant and the number of disks, N, is determined according 
to the following relationship: 



Here the velocity through the strainer surface varies according to the distance along the 
1 0 strainer axis according to the following relationship: 

U _r(L)-r(0) r(x) 



Fig. 7 is a graph which illustrates the principles described for a family of inner disk radii 
r(x) for the preferred embodiment 100 illustrated in Fig. 3 A. If the disk thickness t(x) is held 
constant such that the velocity, U„ leaving the disks is not constant, the result is a family of inner 
disk radii r(x) illustrated in the table of Fig. 8. If the velocity through the strainer surface is 
permitted to vary with distance along the strainer, this results in a linear variation of the strainer 
inner radius r(x) as illustrated in the table of Fig. 9. Figures 7-9 illustrate a portion of the range 
of shapes the invention can take for different design inputs. 

Using the design principles described above, a strainer was designed with the following 
20 - geometrical constraints: 
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R the outer radius = 1 .66 feet 

r(0) the strainer base radius = 3 inches 
r(L) the suction flange radius = 1 foot 
t(L) the minimum disk thickness =0.375 inches 
5 L the length of the strainer = 4.0 feet 

1 the constant disk spacing = 2.0 inches 

The strainer had a surface area of 273 square feet and included 18 disks with a profile 
such as shown in Fig. lOA. The fabrication dimensions are given in the table of Fig. lOB. 

' ® design parameters remain the same as above, except that the disk thickness t(x) is 

held constant at t=l .8 inches and the velocity through the strainer surface U is held constant, the 
design cross section changes to that illustrated in profile in Fig. 11. This design has a strainer 
surface area of 2 1 0 square feet. 

In addition, if all the design parameters remain the same as above, except that the disk 

1 5 thickness t(x) is held constant at t=] .8 inches and the velocity of the fluid leaving the disks, Uj, 
is held constant, the design cross section changes to that illustrated in Fig. 12. According to this 
embodiment, the strainer surface varies with x and the strainer area was determined to be 207 
square feet. 

For dynamic load considerations on a strainer, it may be desirable to locate the strainer 
20 area nearest the suction flange 2 10 as illustrated in embodiment 200 of Fig. 13. According to this 
embodiment, the strainer inner radius r(x) between the inner surfaces 212a - 212d of the disks 



'\s 2r{L)s + s') 2 [ s ) 



202a- 202e is given by the following relationship: 

where the outer radius of the strainer 200 is now given by: 
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R(xJ = r(x) + s 

and s is the width of the disks 102a - 102e as shown in Fig, 13. This disk thickness varies 
according 

to the following relationship: 

t(x) _ 2-^s/r(x) 
t(L) 2 + s/r(L) 



In embodiment 200 the velocities U„ U^, and U are substantially constant as the internal 
radius r(x) between center line 204 and the inner surfaces 212a - 21 2d vary and decrease with 
distance from suction flange 210 as the radius r(x) approaches end plate 208. Note that the disk 
thicknesses t(x) are not constant and that the outer radius of the embodiment 200 decreases with 
distance from the suction flange 210. 

Another family of embodiments calls for the elimination of the circumferential, 
perpendicular surface 1 14a - 1 14f of preferred embodiment 100 which results in a tapered disk 
embodiment 300 as illustrated in Fig. 14. Tapered disk embodiment 300 includes a plurality of 
tapered disks 302a - 302f around a center line 304. The strainer 300 includes a strainer suction 
flange 310 opposite from a distal end plate 308. Each of the tapered disks 302a - 302f includes 
a forward facing first surface 312a - 312f and a rearward facing second surface 316a - 316e 
connected together at an edge 314a - 314f, respectively. The nomenclature to describe the 
geometry and fluid flow of strainer 300 are illustrated in Figs. 15A and 15B. 

The internal radius r(x) 306 and plate thickness may vary in a prescribed way in order to 
maximize the amount of debris that can be accumulated while minimizing strainer head loss 
within a given overall size or volume envelope. An important feature of the tapered strainers, 
which are intended to minimize head loss, is to collect debris where velocities are low, since the 
pressure drop across the debris bed is known to scale with a velocity or velocity squared through 
the bed. Hence, the strainer velocities are such that >Ud>U. The highest velocities are in the 
central region of the strainer and are denoted by U^. The velocities across the strainer surface 
and, hence, through the debris bed, which will accumulate on those surfaces, is designated as U. 
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The velocity of the Huid leaving the stacked disks and entering the central region 305 of the 
strainer 300 is denoted by U^. A major purpose of the tapered embodiment 300 is to minimize 
the acceleration of the fluid internal to the strainer 300 in regions where velocities are large. 
Therefore, the velocities of the internal geometries described by the function r(x) are selected to 
keep the velocities U, constant or nearly constant. A consequence of this feature is that the 
pressure drop across the axis 304 of the strainer 300 is zero or nearly zero. Moreover, by 
conu-oUing the thickness t(x) of the disks it is possible to control the velocity of the fluid leaving 
the disk such that the mixing and acceleraUon loss as the fluid moves into the central core 305 
of the strainer 300 is nominal. 

The radius r(x) of the core region 305 varies linearly, exponentially, or linearly and 
exponentially, with x such that the radius r(x) decreases the further it is removed from the suction 
flange 310. This helps assure that there is a constant core velocity U, in the x direction, a 
constant velocity entering the core 305 from each disk U^, and a constant velocity entering each 
disk U. A consequence of this unique structure 300 is that while the velocity in the core region 
1 5 305 remains constant, the volumetric (or mass) flow rate increases as x increases towards the 
suction flange 310 and away ftom the distal end plate 308. The preferred embodiment 300 of 
the tapered plate version of the invention is shown in Fig. 14 but is not necessarily limited to the 
external shape or proportions illustrated. The disks 302a - 302f are shown tapered to a point 
314a - 314f, respectively, but for structural and flow reasons, a small minimum of thickness may 
20 . also be employed. 

The thickness t(x) of each disk 302a - 302f varies correspondingly with the internal 
radius r(x) 306 such that the ratio of the disk surface area to the internal transverse disk area (2n 
r(x) t(x)) at the interface to the core region 305 remains constant and equal for all disks. The 
head loss associated with the fluid leaving each disk 302a - 302f and entering the core flow U, 
25 is essentially independent of its location in the strainer 300. The fluid entering the core from 
each disk 302a - 302f turns through approximately the same angle. Maintaining geometrically 
similar turning angles minimizes the mixing and turning losses in the strainer 300. This feature, 
combined with the constant velocity core, minimizes the strainer head loss without debris and 
helps establish the desired distribution of debris loading to provide minimum head loss at all 
30 debris loadings. 
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The velocity through the disk surfaces 312a - 312f and 316a - 316e is nearly constant. 
However, the strainer 300 develops a nonuniform approach velocity because the area of the disks 
302a - 302f changes as a function of x. The approach velocity is illustrated in Fig. 1 5B. This 
nonuniform approach velocity allows the invention 300 to optimally distribute fiber to develop 
minimum head loss. The invention 300 utilizes the volume between the disks to accumulate 
debris without developing excessive head loss. The internal radius r(x) variation depends upon 
the thickness t(x) of the disks compared to the spacing d(x) between the disks 302a - 302f When 
the disk thickness t(x) is less than the nominal spacing d(x), the square of the radius r(x) varies 
exponentially in the x direction. When the thickness t(x) is greater than or equal to the nominal 
spacing d(x), then the radius r(x) varies linearly with x. The thicker disks are found away from 
the suction flange 310 of the strainer 300. 

An alternative embodiment 320 of the invention allows the disk thickness t(x) to be 
constant at the inner radius r(x) and independent of x. In this case, the velocity U varies with x 
while still maintaining a constant core velocity and a constant velocity exiting the disks into 
the core U^. Here, the radius r(x) varies exponentially with x. A cross sectional view of this 
embodiment is illustrated in Fig. 16. Similar to the varying disk thickness embodiment 300, the 
outer radius of embodiment 320 need not be constant and is not limited to the external shape or 
proponions illustrated in Fig. 16. Embodiment 320 may be appropriate for applications where 
the internal head loss is not as critical. 

If the velocity is allowed to vary and U and are constant, then the square of the 
inner radius r(x) varies exponentially with x. Embodiments 300 and 320 have an internal radius 
r(x) that varies similarly to the proportions of the preferred embodiment corresponding to the 
region where the thickness is greater than the nominal spacing and the region where the thickness 
is less than the nominal spacing, respectively, so that there is a constant velocity exiting the 
disks into the core U^. 

Another embodiment 340 of the tapered disk invention is illustrated in Fig. 17. In 
embodiment 340, the inner radius r(x) varies linearly with x. Similar to the varying disk 
thickness embodiment 300, the outer radius need not be constant and the invention is not limited 
to the external shape or proportions illustrated in Fig, 1 7. 



9736664A1_I_> 



wo 97/36664 



18 



PCT/US97/05336 



Another tapered disk embodiment 350 is illustrated in Fig. 1 8. In embodiment 350, the 
disk angle a remains constant so that a, = a, = a, = a,. For both cases where U and are 
allowed to vary, the radius r(x) varies linearly and exponentially with x. This embodiment 
approaches, but does not achieve, the theoretical minimum internal head loss because of the 
5 approximation made to the internal radial profile. However, embodiment 350 may be simpler 
to manufacture and still preserve the desired nonuniform approach velocity. Again, the outer 
radius of embodiment 350 need not be constant and the invention is not limited to the external 
shape or proportions illustrated in Fig. 18. 

The preferred tapered disk embodiment 300 has the following parameters: 

10 R = the outer radius 

r(x) = internal core radius 

r(0) = the strainer base radius 

r(L) = the suction flange radius 

t(L) = the minimum disk thickness at the inner radius 

15 L = the loigth of the strainer 

/(x) = the constant disk spacing as long as t(x)< / 

a = angle of strainer top and bottom surfaces with 
respect to plane peipendicular to center line x 

20 For these dimensions, the relationship between the inner radius r(x) of the disks and the 

distance along the axis of the strainer X can be computed from the following: 



R'-r'(x) 



f -2U 

lUc 



(x-L)\ t(x)<l 



r(x)=jf-x + r(0) t(x)^l 



25 and the thickness t(x) of the disks is determined by: 



too 

t(L) 



R'-r'(x) \r(L) 
\.R'-rUO))r(x) 



and /=t(x) when t(x) is greater than the initial value of/. 
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For economy of fabrication it may be desirable to set the disk thickness at a constant t(c) 
at the inner radius and a smaller constant thickness at the outer radius and yet maintain a constant 

core velocity U^. 

Under these conditions the internal radius of the disks r(x) is given by 



r(x)=—X'^r(OJ 



when Ud is constant and by: 



[R'-r'(0)) tUc 



when U is constant. 

The number of disks. N, in this embodiment is given by 

N = L// 

10 An alternate embodiment which still maintains a constant core velocity, U^, can be 

developed by maintaining a constant disk angle a. For the case where is constant the internal 
radius v when U is constant the internal radius varies as: 



l(r(x)-r(0))-\n{^^^ 
R \R-r(0) 



J _ 



X 



l(r(L).rmJ^\ ^ 
/?" ^ {R-r(O)) 

1 5 when U is constant the internal radius varies as: 
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/r(x)-r(0J) + 0.5\n 



\ R' J _ X 



- (r(L)-r(0)) + 0.5\n 



R 

-V 

R' J 



The disk thickness, t(x), is computed from 



t(x) = 2(R-r(xJ)tana 



10 



15 



20 



where a is the disk angle shown in Figure ISA. 

In order to illustrate the principles obtained by the invention, a family of inner disk radii 
r(x) for the tapered disk embodiment 300 is illustrated in Fig. 19 where t(x) < /. Holding the disk 
thickness constant, t(x) = t(c), such that the velocity Uj leaving the disks is not constant, results 
in the family of inner disk radii r(x) shown in Fig. 20. Allowing the velocity through the strainer 
surface to vary with distance along the strainer results in a linear variation of the strainer inner 
radius as shown in Fig. 21. The family of curves shown in Figs. 19 and 21 can be combined for 
some embodiments v/herc the internal radial variation changes fitjm exponential to linear. Figs. 
22 and 23 illustrate the internal radial variation with x for the case of constant angle a disks, with 
and U held constant, respectively. Figures 19-23 illustrate a portion of the range of shapes 
the invention can take for different design inputs. 

A tapered disk embodiment 300 was constructed from the design principles set forth 
above with the following geometrical constraints: 

R the outer radius = 1 .66 feet 

r(0) the strainer base radius = 3 inches 

r(L) the suction flange radius = 1 foot 

t(L) the minimum disk thickness = 0.375 inches 

L the length of the strainer =4.0 feet 
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/ the constant disk spacing = 2.0 inches 

The strainer of this example had a surface area of 336 sc). feet and 24 disks. The cross 
section of this example is illustrated in Fig. 24A and was constructed with the fabrication 
dimensions given in the table of Fig. 24B. 

Fig. 25 is a scale drawing of the tapered disk embodiment with a greater minimum 
thickness. This produces a larger portion of the strainer where r(x) varies linearly. 

Fig. 26 illustrates a scale drawing of a linearly varying r(x) whereas Fig. 27 illustrates a 
scale drawing of an exponentially varying r(x). A scale illustration of a constant disk angle a 
embodiment is illustrated in Fig. 28. 

An advantage of both the preferred embodiment 100 and the tapered disk embodiment 
300 is that the pressure drop across each disk 302a - 302f is the same as the fiber builds up on 
each disk. Therefore the fiber builds up similarly on each disk over time. Fig. 29 is a schematic 
view of a typical tapered disk and the relevant nomenclature. 

The mass of debris that builds up on the disk is 

Mi^TiPj27c(R''r]) 

and it builds up at a rate of: 

dM/dG=CUd t, 27rr, 

where C is the concentration of the mass of debris per volume of fluid in the fluid surrounding 
the strainer and 9 is time. 

The head loss, Ah^ across the debris bed is linearly proportional to the thickness of the 
debris, T,, and the velocity through the bed, U,, and can be written as: 

where k is a constant. Noting that U, is related to which is independent of time by: 
Substituting into the head loss equation and integrating in time yields 
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^h, = (kv, r) t) ce )/(p,(R' - r) rj 



Now k, Uj, C and p, are the same for all disks, therefore the head loss will build up the 
same for each disk since the thickness and radius for each disk vary according to 



5 Lastly, it may be possible to reduce head loss across a debris bed as well as to improve 

the structural strength of a strainer by the addition of external supports 378a - 378e such as 
illustrated in Fig. 30. The external supports 378a - 378e are illustrated in the context of a tapered 
disk embodiment 360 but it will be appreciated by those of ordinary skill in the art that it can be 
employed with the other embodiments as well. Tapered disk embodiment 360 includes a 

10 plurality of tapered disks 362a - 362f Each tapered disk 362a - 362f includes a forward facing 
surface 372a - 372f and a rearward facing surface 376a - 376e. Embodiment 360 includes a 
central x axis 364 and an internal radius r(x) 366 which decreases with distance fium the suction 
flange 370. An end plate 368 defines the distal extreme from the suction flange 370. External 
supports 378a - 378e are preferably plates parallel to the center line 364. The supports could 

1 5 comprise other structural elements such as rods, etc. The space between the external supports 
378a - 378e gets smaller as the smaller strainer radii prevent the debris from packing as tightly. 
The looser packed debris incurs a smaller pressure drop. The number and spacing of the external 
supports 378a - 378e depends upon the debris packing characteristics and the inherent structural 
strength of the strainer 360. 

20 While the invention has been described with reference to the prefeired embodiment 

thereof, it will be appreciated by those of skill in the art that various changes may be made to the 
- structure and elements of the invention, without departing from the spirit and scope thereof 
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WE CLAIM: 

L A suction strainer apparatus (100) for straining water from the emergency 
suppression water source of a nuclear reactor, said strainer apparatus (1 00) comprising: 
an intake (110); 

5 a plurality of stacked, perforated disks ( 1 02a - 1 020 having a central core ( 1 05) 

communicating with said intake (1 10), said central core (105) having a central axis (104) 
and an internal, minimum radius r(x) (106) between said central axis (104) and said disks 
(102a-- 1020, 

wherein said radius r(x) (106) varies with distance from said intake (110). 
10 2. The apparatus (100) of claim 1 wherein said radius r(x) (106) decreases with 

distance from said intake (110). 

3. The apparatus (100) of claim 2 wherein the thickness t(x) of said disks varies 
(102a - 1 020 with respect to distance from said intake (110). 

4. The apparatus (100) of claim 3 wherein the thickness t(x) of said disks (102a - 
1 5 1020 increase with increased distance from said intake (110). 

5. The apparatus (100) of claim 4 wherein said disks include a first surface (1 12a - 
1 12e) facing substantially in the direction of said intake (110), and a second surface (1 16a - 
1 16d) connected to said first surface and facing substantially away from said intake (110). 

6. The apparatus (100) of claim 5 further including a third surface (1 14a - 1 14e) 
20 circumferentially connecting said first (1 12a - 1 12e) and second surfaces (1 16a - 1 16d) together 

and defining the maximum exterior diameter of said strainer apparatus from said central axis 
(104) for any given vertical direction x. 

7. The apparatus ( 1 00) of claim 6 wherein the exterior radius R of said disks (1 02a 
- 1020 is substantially constant along the length L of said strainer apparatus (100) as measured 

25 with respect to its central axis (104). 

8. The apparatus (200) of claim 6 wherein the exterior radius R of said strainer 
apparatus (200) varies with respect to distance along its central axis (204). 

9. The strainer apparatus (360) of claim 7 fiirther comprising: 

reinforcing element means (378a - 378e) located between said disks (362a - 
30 3620 for providing additional structural support to said strainer apparatus (360). 
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1 0. The apparatus (300) of claim 5 wherein said disks (302a - 3020 have a tapered 

profile. 

11. The apparatus (160) of claim 6 wherein r(x) (166) decreases exponentially with 
increased distance from said intake (110). 

12. The apparatus (180) of claim 6 wherein r(x) (186) decreases linearly with 
increased distance from said intake (110). 

13. The apparatus (100) of claim 5 wherein the velocity of fluid from said nuclear 
reactor water source through said central core (105) is substantially constant as r(x) (106) varies. 

14. The apparatus (100) of claim 6 wherein r(x) (106) decreases substantially linearly 
and exponentially with increased distance from said intake (110). 

15. The apparatus (320) of claim 10 wherein r(x) decreases exponentially with 
increased distance from said intake. 

16. The apparatus (340) of claim 10 wherein r(x) decreases linearly with increased 
distance from said intake. 

1 7. The apparatus (300) of claim 10 wherein r(x) decreases substantially linearly and 
exponentially with increased distance from said intake (3 1 0). 

1 8. The apparatus of claim 1 0 wherein the square of r(x) varies exponentially with 
increased distance from said input (310). 

1 9. The apparatus (100) of claim 6 wherein the relationship between the inner radius 
r(x) (106) of the disks (102a - 1020 and the distance along the axis (104) of the strainer X is 
determined by: 



2 r(L)t(L) U^-rYO;; 

r(L).r(0)-'~^-rll^>ln{^'--J:^^ 
2 r(L)t(L) yR'-r'(O), 



X 

L 



25 



where 
R 

r(0) = 



the outer radius 

the strainer base radius 
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r(L) = the suction flange radius 

t(L) = the minimum disk thickness 

L == the length of the strainer 

1 = the constant disk spacing 

and the thickness t(x) of the disks is determined by: 



t(x) 
t(L) 



_( R'^r'(x) \ r(L) 
yR'-r'(0))r(x) 



20. The apparatus (300) of claim 10 wherein the relationship between the inner radius 
r(x) (306) of the disks (302a - 302f) and the distance along the axis (304) of the strainer X is 
10 determined by: 



r(x)=^x+r(0) t(x)>l 



15 



20 



25 



R 




the outer radius 


r(x) 




internal core radius 


r(0) 




the strainer base radius 


r(L) 




the suction flange radius 


t(L) 




the minimum disk thickness at the inner radius 


L 




the length of the strainer 


/(X) 




the constant disk spacing as long as t(x)< / 


a 




angle of strainer top and bottom surfaces with 
respect to plane perpendicular to center line x 


U 




outside fluid velocity 


U3 




approach velocity 


Ud 




disk velocity 






core velocity 



and the thickness t(x) of the disks is deteimined by: 

t(x) J R'-r'(x) \ r(L) 
t(L) {R'-r'(0))r(x) 
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AMENDED CLAIMS 

[received by the International Bureau on 3 September 1997 (03.09.97); 
original claims 1-20 replaced by new claims 1-19 

(3 pages )] 

1. A suction strainer q)paratus (100) for straining vtzia from the emergency 
suppression water source of a nuclear reactor, said strainer apparatus (100) comprising: 
an intake (1 10); 

5 aplurality of stacked, perforated disks (102a- I02f) having a central core (105) 

communicating with said intake (1 10), said central cote (lOS) having a centnl axis (104) 
and an intemal. minimum radius r(x) (106) between said central axis (104) and said disks 
(102a- 1020. 

wherein radius r(x) (106) decreases wiA distance from said intake (1 10). 
' ° 2. The apparatus (1 00) of claim 1 wherein the thickness t(x) of said disks varies 

(1 02a - 1020 ^ith respect to distance from said intake (110). 

3. The apparatus (100) of claim 2 wherein the thickness t(x) of said disks ( I02a - 
1020 increase with increased distance from said intake (110). 

4. The apparatus (1 00) of claim 3 wherein said disks include a first surface ( 1 1 2a - 
15 11 2e) facing substantially in the direction of said intake (1 10). and a second surface (116a- 

1 16d) connected to said first surface and facing substantially away from said intake (110). 

5. The apparatus (100) of claim 4 fiirther including a third surface (1 14a - 1 14e) 
circumferentially connecting said first {112a- lUe) and second surfaces (1 16a - 1 16d) together 
and defining the maximum exterior diameter of said strwner apparanjs from said central axis Q 

20 (1 04) for any given vertical direction x. 

6. The apparatus (100) of claim 5 wherein the exterior rwlius R of said disks (102a 
- 1020 is substantially constant along the length L of said strainer apparatus (100) as measured 
with respect to its central axis ( 1 04). 

7 The apparatus (200) of claim 5 wherein the exterior radius R of said strainer 
25 apparatus (200) varies with respect to distance along its central axis (204). 

8. The strainer appar^us (360) of claim 6 further comprising: 

reinforcing element means (378a - 378e) located between said disks (362a - 
3620 for providing additional structural support to said strainer apparatus (360). 

9. The apparatus (300) of claim 4 wherein said disks (302a - 3020 have a tapered 

30 ' profile. 
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10. The mppantus (160) of claim S wherein i(x) (166) decreases exponentially with 
increased distance from said intake (1 10). 

11. The apparatus (180) of claim S wherein r(x) (1S6) decreases linearly with 
increased distance irom said intake (110). 

1 2. The apparatus (100) of claim 4 wherein the velocity of fluid from said nuclear 
reactor water source through said central core (105) is substantially constant as xix) (106) varies. 

13. The ^aratus (100) of claim 5 wherein i(x) (106) decreases substantially linearly 
and exponentially with increased distance from said intake (110). 

14. The apparatus (320) of claim 9 wherein r(x) decreases exponentially with 
increased distance from said intake. 

15. The apparatus (340) of claim 9 wherein r(x) decreases linearly with increased 
distance from said intake. 

16. The apparatus (300) of claim 9 wherein r(x) decreases substantially linearly and 
exponentially with increased distance from said intake (310). 

17. The apparatus of claim 10 wherein the square of r(x) varies exponentially with 
increased distance from said input (310). 

1 8. The apparatus (1 00) of claim 5 wherein the relationship between the inner radiits 
r(x) (106) of the disks (I02a - 1020 and the distance along the axis (104) of the strainer X is 
determined by: 




where 



R 

r(0) 
r<L) 
t(L) 



the outer radius 
the strainer base radius 
the suction flange radius 
the minimum disk thickness 



AMENDED SHEET (ARTICLE 19) 



wo 97/36664 



28 



PCT/US97A)5336 



10 



15 



20 



L «= the length of the strainer 
' * the constant disk spacing 

and the thickness t(x) of the disks is determined by: 

1 9. -n,e .pp.«,u5 (300) of clain, 9 wherein the relationship between the inner radius 
ri.) (306) of the disks (302a - 302f) and the di,t«,ce along tt,e «cis (304, of the «rainer X is 
detennined by: 

R'-r'(x) J.2U \ 



the outer radius 

internal core radius 

the strainer base radius 

the sucuon flange radius 

the minimum disk thickness at the inner radius 

the length of the strainer 

the constant disk spacing as long as t(x)< / 

angle of strainer top and bottom surfaces with 

respect io plane perpendicular to center line x 

outside fluid velocity 

approach velocity 

disk velocity 

core velocity 
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and the thickness t(x) of the disks is determined by: 

W W-r'(0))r(x) 
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FIG. 3B 
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